Abstract
Introduction
Cervical cancer is a significant cause of death in women worldwide, and approximately 250,000 patients with cervical cancer die every year. [1] In recent years, the use of neoadjuvant chemotherapy (NACT) has received increasing attention and has been used as an effective treatment in patients with cervical cancer. Compared with radiotherapy, NACT is more likely to improve the quality of life and psychosexual dysfunction. [2] In addition, neoadjuvant chemotherapy can shrink tumors prior to surgery, eliminate subclinical lesions and reduce the risk of lymph node metastases (LNM); therefore, it is used in Asia, Italy, South America and in many other countries. [3] NACT combined with radical surgery was also used for several years in China in patients with FIGO stage IB1-IIB cervical cancer. [2] The majority (>85%) of cervical cancers are of the squamous cell type. [4] Squamous cell carcinoma antigen (SCC-Ag), a subfraction of tumor antigen TA-4, has been identified as a predictive and prognostic factor for squamous cell cervical carcinoma. [5] Pretreatment SCC-Ag levels are related to the FIGO stage, as it is elevated in approximately 24-53% and 75-90% of patients with Stage IB or IIA and Stage IIB and higher, respectively. [6] [7] [8] [9] [10] [11] The pretreatment SCC-Ag level has been shown in earlier reports to be an independent indicator of chemotherapeutic response in patients with cervical cancer. [12] Scambia et al reported that the pretreatment level of SCC-Ag in non-responders (those with stable disease and progressive disease) to NACT is significantly higher than that in responders (complete response and partial response). [12] In addition, an elevated pretreatment level of SCC-Ag was found to be related to pelvic lymph node metastases. [7, 9, 10, [12] [13] [14] [15] [16] [17] [18] Different cutoff values were used to predict the status of lymph node metastases, and a higher cutoff value for the pretreatment level of SCC-Ag may be associated with a higher rate of metastases to the lymph node. [12] In several reports, an elevated pretreatment level of SCC-Ag was demonstrated to be an independent risk factor for poor survival. [7, 10, 12, 13] However, the SCC-Ag level might be altered by treatment with NACT. Scambia et al reported that the variation in SCC-Ag levels and the response to neoadjuvant chemotherapy were significantly correlated. However, the impact of the changes in the serum SCC-Ag level after different NACT cycles on the chemotherapeutic response has never been extensively investigated. Additionally, the posttreatment (after NACT) SCC-Ag level, which is altered by NACT, has rarely been discussed. The significant correlation between the posttreatment SCC-Ag level and the response to NACT was only mentioned by Scambia. [12] The predictive value of the posttreatment levels of SCC-Ag as well as the relationship between the pretreatment levels of SCC-Ag and the posttreatment levels of SCC-Ag need to be evaluated.
We investigated the levels of SCC-Ag in the serum of all patients with cervical cancer who were treated with neoadjuvant chemotherapy followed by radical hysterectomy in order to clarify the role of the SCC-Ag level in the management of cervical cancer, especially the posttreatment SCC-Ag level.
Patients and Methods

Patients
A total of 286 patients with cervical cancer who were treated at Tongji Hospital in Wuhan, China from August 2008 to November 2012 were retrospectively enrolled in this study. Inclusion criteria were as follows: 1) patients with stage IB1-IIIB according to the Federation of Gynecology and Obstetrics (FIGO); 2) patients whose pathologic examinations showed squamous cell carcinoma of the cervix; 3) patients who did not receive prior hysterectomy, pelvic radiotherapy or concurrent chemoradiotherapy; 4) patients who were treated with neoadjuvant chemotherapy followed by radical hysterectomy; 5) patients with SCC-Ag levels measured before, during and after NACT. The patient enrollment flow was shown in S1 Fig. This Measurement of SCC-Ag levels Serum samples were collected on day 1 of each cycle of NACT and before surgery. The SCC-Ag level was measured using an immunoradiometric assay kit (Imx, Abbott Diagnostics, Abbott Park, IL, USA). The normal upper limit for SCC-Ag was 1.5 ng/mL.
Statistical analyses
Either Pearson's chi-square test or Fisher's exact test was used to assess the different patterns of SCC-Ag levels according to the clinicopathologic characteristics or the response to NACT. A receiver operating characteristic (ROC) curve was used to determine the best cutoff point for the levels of SCC-Ag in the serum in order to predict the response to chemotherapy. The risk factors for NACT and lymph node metastases were found by logistic regression analysis. The overall survival (OS) and progression-free survival (DFS) curves were calculated by using the Kaplan-Meier method with the log-rank test. Variables with P values <0.2 in the univariate analysis were selected for the Cox proportional-hazards model. All statistical analyses were performed using SPSS 13.0 software package (SPSS, Inc., Chicago, IL). P values <0.05 were considered significant in all statistical analyses.
Results
A total of 286 patients with squamous cell carcinoma of the cervix were enrolled in this study. Correlation between SCC-Ag levels and various clinicopathologic parameters Table 1 shows the distribution of SCC-Ag levels before and after NACT with respect to the clinicopathologic parameters in patients with squamous cell carcinoma of the cervix. Elevated pretreatment levels of SCC-Ag (>3.5 ng/mL) in the serum were associated with larger tumors, deep stromal infiltration (>1/3), and lymph node metastases (P = 0.027, P = 0.041, and P<0.001, respectively). Elevated posttreatment levels of SCC-Ag in the serum were associated with deep stromal infiltration and lymph node metastases (P = 0.006, and P<0.001, respectively). The level of SCC-Ag in the serum was correlated with the cycle of NACT before NACT, but not after NACT (P = 0.008, and P = 0.463, respectively).
The relationship between NACT and serum SCC-Ag levels
Overall, the proportion of patients with elevated serum levels of SCC-Ag (>3.5 ng/mL) was 43.8% (96/219) before the original treatment and only 13.0% (31/238) after NACT (P<0.001) ( Table 2 ). The effect was still significant after stratification by NACT cycle (P<0.001 for both 1 and 2 cycles).
The Relationship between the response to NACT and the different patterns of serum SCC-Ag levels
The overall clinical response rate of the patients to NACT was 76.6% (210/274). As shown in S1 Table, both pretreatment and posttreatment levels of SCC-Ag in the serum (>3.5 ng/mL) were related to the clinical response to neoadjuvant chemotherapy (P = 0.010, and P<0.001, respectively). After conducting a stratified analysis, we found that the posttreatment SCC-Ag levels were related to the response to NACT in patients who received both 1 and 2 cycles of NACT (P = 0.006, and P<0.001, respectively). The pretreatment level of SCC-Ag was significantly related to the clinical response to NACT in patients who received 1 cycle of NACT (P = 0.047), but not 2 cycles of NACT (P = 0.095). In the multivariate analysis, the pretreatment level of SCC-Ag (>3.5 ng/mL) was demonstrated to be an independent risk factor for poor clinical response to neoadjuvant chemotherapy (P = 0.025) ( Table 3) .
Survival analysis
The follow-up rate was 73.1% (209/286). In the univariate analysis, tumor size, lymphovascular invasion, and posttreatment level of SCC-Ag were significant predictors of disease-free survival. FIGO stage, number of cycles of NACT, posttreatment level of SCC-Ag, and lymph node metastases all had prognostic significance for overall survival ( Table 4) . The variables with a P value <0.2 were used to perform the multivariate analysis. We found that the posttreatment SCC-Ag level (>3.5 ng/mL) was an independent risk factor for both disease-free survival and overall survival (P = 0.012, and P = 0.001, respectively). While lymphovascular invasion was found to be an independent risk factor for DFS, advanced FIGO stage (IIB-IIIB) and lymph node metastases were determined to be independent risk factors for OS. The difference in the 3-year DFS and 3-year OS for patients with posttreatment SCC-Ag levels 3.5 ng/mL and >3.5 ng/mL was significant: 94.9% and 89.7% versus 76.0% and 60.1%, respectively (P<0.001 for both) (Fig 1A and 1B) . With respect to the response to NACT, no significant difference was observed between responders and non-responders in the 3-year DFS and 3-year OS (S2 Table) . We divided the patients into four subgroups according to pre-and posttreatment levels of SCC-Ag. It showed that the patients with both pre-and posttreatment SCC-Ag levels 3.5 ng/mL demonstrated the best 3-year DFS (98.6%, P<0.001) and 3-year OS (91.8%, P<0.001) compared with the other three subgroups (Fig 1C and 1D) . When we compared pathological features and clinical response to NACT among the four subgroups, patients with both pre-and posttreatment SCC-Ag levels >3.5 ng/mL showed lower clinical response to NACT (31.8%), higher poor grade rate (31.3%), more tumor size 4 cm (86.4%), higher rate of Lymph node metastases (45.5%), and more >1/3 stromal infiltration positive (63.6%). The number of patients (n = 3) with pretreatment SCC-Ag 3.5 ng/mL and posttreatment SCC-Ag >3.5 ng/mL was too small to be compared (S3 Table) . The predictive significance of SCC-Ag level in terms of pathologic factors
As described earlier, higher pretreatment and posttreatment levels of SCC-Ag (>3.5 ng/mL) were associated with lymph node metastases and >1/3 stromal infiltration ( Table 1) . Therefore, we performed a multivariate analysis by using the logistic model to evaluate the relationship between SCC-Ag levels and the two pathologic factors. We found that only an elevated pretreatment level of SCC-Ag level (>3.5 ng/mL) was an independent risk factor for lymph node metastases (Table 5) , while poor tumor grade was the only independent risk factor for Comparison of DFS and OS in patients with pretreatment SCC-Ag 3.5 ng/mL and posttreatment SCC-Ag 3.5 ng/mL (n = 70), patients with pretreatment SCC-Ag 3.5 ng/mL and posttreatment SCC-Ag >3.5 ng/mL (n = 2), patients with pretreatment SCC-Ag >3.5 ng/mL and posttreatment SCC-Ag 3.5 ng/mL (n = 41), and patients with pretreatment SCC-Ag > 3.5 ng/mL and posttreatment SCC-Ag >3.5 ng/mL four subgroups (n = 16). deep stromal infiltration (>1/3). Posttreatment levels of SCC-Ag alone could not predict lymph node metastases and deep stromal infiltration.
Discussion
In many previous reports, elevated pretreatment levels of SCC-Ag were found to correlate with unfavorable clinicopathologic characteristics, such as advanced stage, larger tumor size, deep stromal infiltration, and lymph node metastasis. [7, 8, [19] [20] [21] We found comparable results in the current study ( Table 1) . The cutoff value of pretreatment levels of SCC-Ag varies among different studies. Massuger et al [22] and Takeshima et al [15] used cutoff values of 2.5 ng/mL and 4 ng/mL, respectively, of pretreatment levels of SCC-Ag in order to predict lymph node metastases. Lin et al [17] reported that approximately 65% of the patients with serum levels of SCC-Ag >8 ng/mL demonstrated lymph node metastases. In this study, the elevated pretreatment level of SCC-Ag (>3.5 ng/mL) was shown to be the only independent risk factor for lymph node metastasis, and this has also been reported in several other studies. [16, 18, 19] At the same time, we could not ignore the patients whose pretreatment SCC-Ag levels were <3.5 ng/mL, as they also demonstrated a low rate of lymph node metastases. Neoadjuvant chemotherapy has been proven to be an effective treatment for patients with locally advanced cervical cancer. We found that a pretreatment level of SCC-Ag >3.5 ng/mL was the only independent risk factor for poor clinical response to NACT, as reported by Scambia et al. [12] Pretreatment SCC-Ag values served as indicators of the original levels of SCC-Ag, which were not affected by any treatment. However, the levels of SCC-Ag could be altered by NACT. From Table 2 , we know that NACT decreased the amount of elevated SCC-Ag (from 52.8%-35.1% to 15.0%-11.8%). At the same time, we found that tumor size and the number of cycles of NACT were significantly correlated with pretreatment levels of SCC-Ag, but were not correlated with posttreatment levels of SCC-Ag. With respect to the size of the tumors of the responders to NACT, tumor size could be reduced by NACT, it was not significantly related to the posttreatment SCC-Ag level. With regards to the number of cycles of NACT, the data suggest that the change in the levels of SCC-Ag was due to the NACT but not the number of cycles that the patients received.
What information could the adjusted (i.e., posttreatment) SCC-Ag value provide? First, the SCC-Ag level was related to the clinical response to NACT, whether the patients received one or two cycles of NACT (S1 Table) . Second, the SCC-Ag level was related to two pathologic factors, lymph node metastases (P<0.001) and >1/3 stromal infiltration (P = 0.006), but demonstrated no significant relationship with parametrial invasion and lymphovascular invasion. Although the pretreatment level of SCC-Ag was also related to lymph node metastases and >1/3 stromal infiltration in the univariate analysis, the posttreatment level of SCC-Ag showed a significant association with survival when a multivariate analysis was performed. A posttreatment level of SCC-Ag >3.5 ng/mL was shown to be an independent predictive factor for both disease-free survival and overall survival.
From the above analysis, neoadjuvant chemotherapy before radical surgery seems to be a selector which divided the patients into those with improved survival times and those with poor survival times by using the change of SCC-Ag. When the pre-and posttreatment SCC-Ag levels were combined, we found that the patients with pretreatment levels of SCC-Ag <3.5 ng/mL rarely demonstrated elevated (>3.5) posttreatment levels of SCC-Ag (only two patients in this study, one of whom died at 24 months). Patients with both pre-and posttreatment levels of SCC-Ag <3.5 ng/mL showed the best 3-year disease-free survival rate (98.6%) and overall survival rate (91.8%) compared with the other three subgroups (Fig 1C and 1D) . Patients with SCC-Ag >3.5 ng/mL, specifically at the posttreatment time point, require more attention from their physicians. Though their response to NACT had no significant relationship with survival, NACT changed the status of their serum SCC-Ag levels, which was an excellent predictor of survival.
The different effects of pre-and posttreatment levels of SCC-Ag may inform us that the treatment with NACT decreased the tumor size, but did not result in a great improvement of the pathologic condition of the patients. Ting Hu et al [2] also reported that the pathologic factors between patients with or without NACT before radical surgery showed no significant difference, although NACT did improve the 5-year DFS and OS of the patients.
In conclusion, the pretreatment SCC-Ag level is an independent factor for pelvic lymph node metastasis and neoadjuvant chemotherapy response in patients with cervical cancer. An elevated posttreatment level of SCC-Ag level (>3.5 ng/mL) is an independent risk factor of both disease-free survival and overall survival. Patients with either pretreatment or posttreatment levels of SCC-Ag >3.5 ng/mL should be given more attention. Due to the limits inherent in retrospective studies, additional studies are needed to validate the importance of SCC-Ag and its prognostic value. 
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